Ever since the Harvard medical practice study and the report by the Institute of Medicine (IOM), To Err Is Human: Building a Safer Health System, that followed it, patient safety has become a major focus of improvement in health care. As is widely known, an estimate stated by the IOM alleged that 44,000--98,000 patients die every year in the United States due to medical errors \[[@CR1]\].

In the Netherlands, the results of a national study assessing the number of hospital adverse events were presented in 2007. This study showed that 5.7% of 1.3 million patients admitted in 2004 encountered an adverse event. For 40% of these patients, the adverse event probably could have been prevented \[[@CR2]\]. This high percentage of preventability is confirmed in a systematic review \[[@CR3]\] including eight studies with a total of 74,485 patients. The median incidence of hospital adverse events reported in this study was 9.2%, and the median percentage of preventability was reported to be 43.5%. Of these hospital adverse events, 39.6% were operating room (OR) related.

In 2007, the report by the Dutch inspectorate of health care \[[@CR4]\] emphasized that the complexity of minimally invasive surgery (MIS) further increases risks in patient safety. However, the mechanism whereby patient safety in MIS is more compromised than in conventional surgery (CS) remains unclear. To understand this mechanism, differences in patient safety between the two types of surgery should be investigated according to the systems approach. This approach to quality and safety in surgery is required to obtain insight into causes of errors and has a much larger effect on patient safety than the person approach \[[@CR5]\].

Several important studies have suggested frameworks of factors that influence patient safety based on the systems approach \[[@CR6]--[@CR8]\]. These frameworks were adapted to explain patient safety during surgery in terms of several risk domains and measurable quality outcome parameters (Fig. [1](#Fig1){ref-type="fig"}). This observational study aimed to identify differences in patient safety risk factors between MIS and CS according to the systems approach.Fig. 1Framework of risk domains explaining patient safety in surgery according to a systems approach

Material and methods {#Sec1}
====================

Case selection {#Sec2}
--------------

A convenience sample of gynecologic MIS and CS performed at the Leiden University Medical Center, the Netherlands, was observed. During the study, CS performed in an OR with regular OR settings was observed. Only MIS procedures performed in minimally invasive surgical suites especially designed for laparoscopy (in this case, OR-1, Karl Storz) were included because these suites were especially designed to facilitate MIS \[[@CR9], [@CR10]\].

In this study, MIS comprised only laparoscopies and was stratified based on the level of difficulty according to the guidelines of the Royal College of Obstetricians and Gynecologists (RCOG) \[[@CR11]\]. The RCOG levels range from level 1 procedures, which are basic laparoscopic procedures (e.g., diagnostic laparoscopy and sterilization), to level 3 procedures, which are advanced laparoscopic procedures (e.g., total laparoscopic hysterectomy). The procedures that could not be classified as MIS were categorized as CS.

Categorization system {#Sec3}
---------------------

The adapted framework, which explains patient safety in terms of several risk domains and measurable quality outcome parameters (Fig. [1](#Fig1){ref-type="fig"}), was the basis for the observations in this study. For an objective assessment of the risk domains in the framework, every risk domain should be quantified. This quantification and further categorization of the observations is explained in Table [1](#Tab1){ref-type="table"}.Table 1Framework to which observations are categorizedRisk domainInfluencing factorObservation (quantity)*Input*Surgical teamKnowledge and experience of individual team memberExperience of every individual team member defined as the estimated number of similar procedures previously performedSocial interactionVerbal and nonverbal communicationEvents concerning verbal miscommunicationTeamworkEvents concerning teamworkTechnologyAvailability and functioning of equipment and instrumentsEvents concerning the presence or correct positioning of instruments or equipmentEvents concerning the functioning of instruments or equipmentOrganizationStaffing and planningAdequate schedulingAdequate staffingAvailability of recoursesAvailability of suppliesAvailability of technological itemsSafeguarding systemCompliance of policies adapted for patient safetyCorrect execution of the time-out procedureEnvironmentCase-irrelevant disturbing factorsDoor movementsTelephone callsPager callsRadio useCase-irrelevant conversationPatient characteristicsCondition of the patientASA scoreBMIComplexity of surgeryDifficulty level of the surgeryMIS: type of procedure that can be categorized in RCOG levelsCS: type of procedure*Output*Performed procedureWas the procedure performed as intended?Intraoperative complicationDid intraoperative complications occur?Postoperative complicationPostoperative complications up to 6 weeks afterwardBlood lossAmount of blood lossProcedure timeTotal observational and intraoperative procedure time*ASA* American society of anesthesiologists; *BMI* body mass index; *MIS* minimally invasive surgery; *RCOG* Royal college of obstetricians and gynecologists; *CS* conventional surgery

The categorization was tested in a pilot study during a period of 3 weeks. During this pilot study, random gynecologic surgical procedures were observed according to the categorization. After every procedure, individual surgical team members evaluated the procedure with the researcher to determine the feasibility of the categorization.

Next, the categorization was critically reviewed for clinical relevance and completeness by a board of three independent experts (all authorities in the field of patient safety and MIS representing the department of surgery, gynecology, and patient safety in general). The final categorization system, shown in Table [1](#Tab1){ref-type="table"}, comprised a number of risk domains that had to be quantified during the observations (e.g., social interaction, technology, safeguarding system, organization, and environment). This was achieved by observing the number of events that could be categorized in these risk domains.

Events {#Sec4}
------

Events were defined as occurrences that potentially increase risks and thus compromise patient safety, either directly or indirectly.

Observations {#Sec5}
------------

Observation of events during a surgical procedure started with the time out and ended when the last suture was placed. The total observational time (from time out until the last suture) and the total procedure time (from first incisions until last suture) were recorded. Furthermore, the risk domains not quantified by events and the other outcome parameters of the procedure were recorded as defined in Table [1](#Tab1){ref-type="table"}.

Data collection {#Sec6}
---------------

Data collection was performed by an independent observer who had not been involved in the development of the categorization to ensure objective assessment of the risk domains. This observer was required to have ample knowledge of medical processes but no knowledge of the specific procedures that had to be observed. Therefore, a medical student with 4 years of medical training was selected to be the observer.

The observer attended gynecologic surgical procedures during a training period of 3 weeks before the study to obtain familiarity with these procedures. During this period, the observer learned to recognize deviations from standard procedure as events and to code events according to the categorization.

Data analysis {#Sec7}
-------------

All data were analyzed with the SPSS 16.0 software package (SPSS, Chicago, IL, USA). Differences in frequency of events, experience of surgical team members, and length of surgery between MIS and CS were assessed with the independent samples *t*-test. Differences in categorical data (e.g., patient characteristics) were assessed with the chi-square test.

Results {#Sec8}
=======

General characteristics {#Sec9}
-----------------------

A total of 53 procedures were observed: 26 CS and 27 MIS procedures. The CS comprised 5 laparotomies for a benign indication, 5 laparotomies for a malignant indication, 9 vaginal hysterectomies including 4 combined with prolapse surgery, 6 vulva surgeries, and 1 cervical procedure. The MIS comprised 10 RCOG level 1 procedures, 11 level two procedures, and 6 level three procedures.

Both the mean total observational time and the mean total procedure time were comparable between MIS (1 h 29 min vs. 1 h 52 min) and CS (1 h 19 min vs. 1 h 44 min). The mean experience of the surgical team members did not differ between MIS and CS. The body mass indexes (BMI) and the American society of anesthesiology (ASA) scores of the patients were both comparable between MIS and CS (Table [2](#Tab2){ref-type="table"}).Table 2Count of events during the total observational timeMIS (*n* = 27)CS (*n* = 26)TotalMIS vs CSCountMax countMeanCountMax countMean*P* valueEnvironmental Total1,1451140.48^a^1,5942080.54^a^2739NS Door movements925900.39^a^1,2751740.43^a^1812NS Telephone112110.05^a^165280.05^a^268NS Beeper4181.5277132.96118NS Radio920.332020.7729\<0.01 Case-irrelevant conversation58112.155792.19115NSTechnical Total6982.561830.6987\<0.01 Equipment4561.671120.4256\<0.01 Instruments2420.89730.1231\<0.01Social Total4391.592781.0470NS Communication3471.262270.8556NS Teamwork920.33510.1914NSOrganizational Total1330.48000.0013\<0.01*MIS* minimally invasive surgery; *CS* conventional surgery; *Count* total count of all procedures; *Max count* highest count reached during one procedure; *Mean* per procedure (count divided by number of procedures) if no correlation was found between count and procedure time; *NS* not significant^a^Per minute if a correlation was found between count and procedure time (count divided by procedure time)

Events {#Sec10}
------

The total counts of observed events are displayed in Table [2](#Tab2){ref-type="table"}. Between 75 and 100% of the events occurred intraoperatively, as illustrated in Fig. [2](#Fig2){ref-type="fig"}. The greatest number of observed events were categorized under environment (MIS 90% vs. CS 97%). Of these events, door movements were observed most: MIS 81% (*n* = 925) versus CS 80% (*n* = 1,275). All observed events were checked for a correlation with the length of surgery, which was found for telephone calls (*R*^2^ = 0.71) and door movements (*R*^2^ = 0.74). One door movement occurred every 154 s in MIS compared with one every 140 s in CS, and one telephone call occurred every 20 min in both MIS and CS. All environmental events combined showed an average of one event observed every 125 s during MIS and one observed every 111 s during CS. Of these observed environmental events, 8.8% were noted as disturbing by the surgeon in MIS compared with 17.6% in CS.Fig. 2Total counts of observed events in minimally invasive surgery (*MIS*) and conventional surgery (*CS*). The striped part represents the share of events that occurred pre- or postoperatively, and the white part represents the share of events that occurred intraoperatively

MIS versus CS {#Sec11}
-------------

The comparative frequencies of the different types of events in MIS and CS showed no difference between environmental and social events except for disturbance of the radio, which was noted more often during CS (*P* \< 0.01). Technical events and events of an organizational nature occurred more often during MIS (*P* \< 0.01) than during CS (*P* \< 0.01) (Table [2](#Tab2){ref-type="table"}).

Among all the events of a technical nature observed during MIS, 49% (*n* = 34) were problems with the positioning of equipment or instruments. Problems with the functioning of equipment or instruments accounted for 28% of these events (*n* = 19).

In CS, 33% (*n* = 6) of the observed events of a technical nature were positional and 28% (*n* = 5) were problems with functioning. Among the 13 problems of an organizational nature observed during MIS, 8 involved the unavailability of instruments at the time of surgery. The other organizational problems were a result of inadequate staffing.

Relative risk {#Sec12}
-------------

The relative risk calculated for the occurrence of one or more events of a technical nature in MIS compared with CS was 1.7. The relative risk of having two or more technical problems during MIS versus CS was 4.1. For organizational problems, the relative risk could not be calculated because none occurred during CS.

Time out {#Sec13}
--------

The time-out protocol used in the observed clinic was similar to the time-out protocol developed by the World Health Organization (WHO) \[[@CR12]\]. In 74% of the MIS procedures, the time out proceeded according to this protocol compared with 50% of the CS procedures. One MIS procedure and five CS procedures had no time out at all. However, no relation between a time-out procedure according to the protocol and the occurrence of different types of patient safety-related events was observed.

Discussion {#Sec14}
==========

Differences in patient safety-related events between CS and MIS can be explained by the use of advanced technology as an essential part of MIS. This is consistent with the statement made by the Dutch Inspectorate of health care that the (technical) complexity of MIS further increases risks in patient safety compared with CS. A previous study has already shown that a great number of technical events tend to occur during laparoscopic procedures. In fact, in 87% (26 of 30) of the observed laparoscopic procedures, one or more incidents with technical equipment (*n* = 46) or instruments (*n* = 9) occurred \[[@CR13]\].

Surgeons may be aware of the implications of new technology for patient safety. However, to our knowledge, the consequences of technology for events that occur in the OR have never been described. Our data show that the majority of the organizational events (62%) also were technology related. More specifically, they were related to the preparation for the technological aspect of MIS (missing instruments or equipment). Altogether, it appears to be particularly the advanced technology added to surgery that hinders patient safety in MIS compared with CS.

Although studies prove that general briefing checklists reduce morbidity and mortality in surgery \[[@CR12], [@CR14]\], the results of the current study suggest that for MIS a different approach is required. The fact that a time out according to protocol is not correlated with a lower frequency of events leads us to speculate that a general briefing procedure such as the WHO checklist is insufficient for the preparation for MIS.

Because the most important difference in events between MIS and CS is in the frequency of technology-related events, more attention is needed for technology during the briefing. An adequate solution already shown to reduce the number of technical events in MIS is the use of a standardized checklist especially designed for MIS \[[@CR15]\]. Such a checklist could be incorporated into the general WHO briefing for MIS cases.

In the current study, an astonishing number of environmental events occurred about every 2 min in both MIS and CS. These events consisted primarily of door movements (one very 2.5 min) with the potential risk of surgical-site infections.

High frequencies of door movements have been reported previously, namely, 13--316 times per surgery (5--87 per recorded hour) \[[@CR16]\]. Similar to the findings of the current study, the observed door movements increased in direct proportion to the length of surgery and also were related to the number of persons in the OR. It is remarkable that the bulk of environmental events were not observed to be disturbing or distracting to the senior surgeon because 8.8% of all the observed environmental events combined were disturbing in MIS compared with 17.6% in CS. The reason for this could be that experienced surgeons have learned to block distracting events and remain concentrated \[[@CR17]\] and that most environmental events do not occur during critical moments.

However, the effect of environmental events should not be underestimated. Especially the performance of inexperienced surgeons or residents could be influenced by distraction, as shown in a previous study \[[@CR18]\].

Findings have shown that social factors such as communication and teamwork are important risk factors in patient safety. In fact, optimizing teamwork to reduce error stands as the basis of a whole new era of research: crew resource management.

Communication difficulties previously have been reported to occur in approximately 30% of team exchanges \[[@CR19]\]. About one third of the communication failures resulted in visible effects that could influence patient safety \[[@CR20]\]. In the current study, however, the frequency of the observed social events was very low compared with that described in previous reports. The most obvious reason could be an underestimation of the true quantity of these events. The previously published studies focused only on communication (or teamwork) events, also reporting small social mishaps, whereas the current study focused also on technical, organizational, and environmental events. The social events reported in this study needed to be prominently present and therefore more prone to influence safety than small social mishaps, which might not have had any influence at all. Furthermore, because observations of both MIS and CS were done by the same observer, a comparable (under)estimation is to be expected for both types of surgery, and a relative comparison remains possible. Hence, it can be stated that is no difference exists in the number of observed events of a social nature between MIS and CS.

Another observational study investigated different types of surgical flow disruptions during cardiac surgery, showing that the greatest number of observed surgical flow disruptions were of a social nature (52%) \[[@CR21]\]. This is in contrast to our observations in MIS, indicating that the highest percentage of events are disturbing environmental events (44.7%), followed by events of a technical nature (30.5%). Events of a social nature accounted for only 19% of the observed events. In CS, the highest percentage of observed events were disturbing environmental events (86.2%) followed by events of a social nature (8.3%). Technical events during cardiac surgery accounted for 5.5% of the events. Hence, the outcome is highly procedure dependent.

A pitfall of all observational studies is observational bias. We attempted to reduce observational bias by selecting an independent researcher to perform the observations. Ideally, more than one observer should have observed all procedures to test for interrater agreement. However, this would have crowded the OR because the observations were done in an academic hospital where professionals in training (students, nurses, interns, and residents) also attend surgical procedures, and more observers would not have been in the interest of patient safety. Furthermore, it is well recognized that the Hawthorne effect (awareness of being observed alters the way a person behaves) \[[@CR22]\] takes place. Taking this into consideration, the most accurate method for performing observations of surgical procedures probably is with some sort of black box in which video and audio recordings are made. With this approach, less influence of the Hawthorne effect and multiple independent observations would be possible.

Conclusion {#Sec15}
==========

A large number of events have been observed during both MIS and CS. The technological complexity inherent in MIS makes this type of surgery more prone to technology-related events than CS, even in a specially designed minimally invasive surgical suite. A regular time-out procedure as used for CS lacks the necessary attention for the complex technology used in MIS and is therefore insufficient for MIS procedures briefing. Incorporating a specially designed technology checklist into a regular briefing protocol could be a solution to decrease the number of events in MIS.
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